Epithelial cells are polarized along their apical-basal axis and in some cases also within the plane of the epithelium, a phenomenon called planar polarity. Recent studies have now shown that these two types of polarity are controlled by a common set of genes.
Many epithelial tissues are organized as single layered sheets of cells, with one surface facing the outside environment or a lumen and the other oriented towards a basement membrane or another layer of cells. To cope with these different environmental conditions, epithelial cells possess distinct apical and basal-lateral plasma membrane domains that differ in their lipid and protein composition. In addition, some epithelial tissues are polarized within the plane of the epithelium, a phenomenon called planar polarity or tissue polarity. For instance, when you look at the hairs in your skin, you will realize that within a defined area most of them point in the same direction. The same is true for the hairs and bristles in the epidermis of the fruit fly Drosophila melanogaster. Genetic and molecular screens have led to the identification of several genes that either control apical-basal or planar polarity in the Drosophila epidermis, but so far no common link between these two processes has been found. Recent papers by Bellaiche et al. [1] and Schaefer et al. [2] have now shown that apical-basal polarity and planar polarity have much more in common than previously anticipated.
The epidermal bristles on the notum of adult Drosophila are an ideal model system to study planar polarity. These bristles are innervated sense organs consisting of four functionally distinct cells that are formed by a series of asymmetric cell divisions from a single precursor cell, pI [3] . The pI cell divides in the plane of the epithelium to give rise to an anterior daughter, pIIb, and a posterior daughter, pIIa. During division of pI, the cell-fate determinant Numb and its adaptor protein Partner of Numb (Pon) form an anterior crescent in the pI cell ( Figure 1 ) and are segregated exclusively into the anterior daughter cell, pIIb [4, 5] . Proper segregation of Numb and Pon into pIIb requires the association of one spindle pole with the center of the Numb-Pon crescent. Spindle orientation in pI has been shown to depend on the tissue polarity genes frizzled (fz) and dishevelled (dsh) [5] [6] [7] . In fz and dsh mutants, spindle orientation is randomized with respect to the anterior-posterior axis; the Numb-Pon crescent is still centered over one spindle pole, however, and both proteins segregate properly into pIIb [5] [6] [7] .
In order to figure out how the anterior Numb-Pon crescent in the pI cell is formed, Bellaiche et al. [1] investigated the role of several proteins that control Numb localization in neuroblasts, the stem cells of the central nervous system. In contrast to pI, neuroblasts divide along the apical-basal axis and the Numb crescent forms at the basal pole of the neuroblast (Figure 1 ; reviewed in [8] ). The basal localization of Numb and other cell fate determinants, such as Prospero, is completely abolished in mutants for bazooka (baz), which encodes a multi-PDZ domain protein localized in the apical cortex of neuroblasts, opposite to Numb ( Figure 1 ) [9] [10] [11] .
Baz is also localized apically in pI prior to mitosis, but later in metaphase and anaphase it forms a posterior crescent opposite to the anterior Numb-Pon crescent (Figure 1 ). In baz mutant pI cells, Numb either forms a very weak anterior crescent or is distributed uniformly around the cortex, demonstrating that Baz is also required for asymmetric localization of Numb in pI [1] . As Baz is not the only protein involved in Numb localization in neuroblasts, Bellaiche et al. [1] looked for the localization of additional candidate proteins in pI. Of those tested, only Discs Large (Dlg) [12, 13] and Partner of Inscuteable (Pins) [14] [15] [16] were found to localize asymmetrically in pI. Surprisingly, although both proteins form apical crescents opposite to Numb in neuroblasts (Figure 1 ), they colocalize with Numb in the anterior cortex of pI ( Figure 1 ). In dlg and pins mutant pI cells, Numb and Pon either form weak anterior crescents or are uniformly distributed, confirming that several components of the machinery required for Numb localization in neuroblasts are also used in the pI cell [1] .
Despite these apparent similarities, the pI cell is not simply a neuroblast turned by 90°. There are several important differences between neuroblasts and pI with respect to the relationships between Dlg, Pins and Baz. In particular, the mutual requirement for all three proteins for their correct subcellular localization differs substantially in the two cell types [1, [12] [13] [14] [15] . The reason for this may lie in the association of these proteins in different complexes, depending on the cell type. Pins, for instance, associates with Inscuteable (Insc) and Baz in neuroblasts [14, 15] , while in pI, which does not make Insc, it may bind directly to Dlg [1] . What happens when Insc is made ectopically in pI? In this situation, Insc colocalizes anteriorly with Pins, and Baz relocalizes from the posterior to the anterior cortex, where it probably forms a complex with Insc and Pins [1] . At the same time, Numb also switches its localization and now forms a posterior crescent in pI. The orientation of the pI division is thus completely reversed upon ectopic production of Insc. Intriguingly, ectopic production of Insc has no effect on orientation of the mitotic spindle in pI, which still forms in the plane of the epithelium [1] .
This result contrasts with the effect of ectopic production of Insc in the embryonic epidermis. Here, ectopically produced Insc localizes apically, presumably by binding to Baz, and recruits Pins to the apical cortex [14, 17] . This causes rotation of the mitotic spindle by 90°, resulting in an aberrant cell division axis. These data clearly show that the hierarchy of asymmetric protein localization and the control of spindle orientation are strikingly different in neuroblasts and in the pI cell. One reason for these differences may be the superimposition of a planar polarity signal, mediated by Fz, on the preexisting apical-basal polarity of the pI cell. Fz appears to cooperate with the Pins-Dlg complex, as in fz pins double mutants the asymmetric localization of Baz and Numb is completely abolished [1] . How could Fz and Pins interact with each other? Fz is a seven-span transmembrane protein that structurally resembles receptors linked to heterotrimeric G proteins [18] , though a direct association of Fz with G proteins has not been reported so far. Pins, on the other hand, contains three so-called 'GoLoco' domains, which mediate direct binding to the Gαi subunit of heterotrimeric G proteins [2, [14] [15] [16] . On the basis of this finding, Schaefer et al. [2] have analyzed the role of heterotrimeric G proteins in the asymmetric division of neuroblasts and of the pI cell. In neuroblasts, Gαi colocalizes with Insc and Pins in the apical cortex ( Figure 1 ). All three proteins are associated in a complex and are mutually required for their correct apical localization. Gαi binds to Gβ13F, one of several β subunits of heterotrimeric G proteins in Drosophila [2] . In Gβ13F mutants, no Gαi is detectable at the time when neuroblasts undergo their first round of asymmetric division, suggesting that Gβ13F is required for the stabilization of Gαi. In these mutants, spindle orientation in neuroblasts is randomized, and cell-fate determinants like Numb and the adaptor protein Miranda are mislocalized [2] . Heterotrimeric G proteins are thus indispensable for spindle orientation and the asymmetric localization of cellfate determinants in neuroblasts.
How could G proteins act during asymmetric cell division? The Gα subunit of G proteins can bind to either GTP or GDP. In the GDP-bound form, Gα forms a complex with the Gβγ subunits, whereas the GTP-bound form dissociates from Gβγ. Both Gα-GTP and the free Gβγ heterodimer could potentially interact with downstream targets to activate distinct signaling cascades. To distinguish between these two signaling mechanisms, Schaefer et al. [2] overexpressed either wild-type Gαi or a constitutively GTPbound form of Gαi in embryos [2] . Wild-type Gαi should bind and deplete free Gβγ and inhibit its downstream signaling components; in contrast, the constitutively GTPbound form should not interfere with Gβγ signaling, but instead should activate a signaling pathway downstream of activated Gαi. The result of this experiment was very clear: overexpression of wild-type Gαi caused phenotypes very similar to those of embryos mutant for Gβ13F, while overexpression of the constitutively GTP-bound form of Gαi had very little effect on neuroblast division [2] . So free Gβγ seems to be the active component of heterotrimeric G proteins involved in the control of asymmetric neuroblast division.
In 'conventional' G protein signaling cascades, binding of an extracellular ligand to a seven-span transmembrane receptor leads to the exchange of GDP for GTP on the Gα subunit and to the concomitant release of the free Gβγ subunit. In neuroblasts, however, neither a Gprotein-coupled receptor nor a candidate ligand involved in asymmetric cell division is known. Instead, G protein signaling may be activated in a receptor-independent way.
Interestingly, Pins binds preferentially to the GDP-bound form of Gαi [2] . Moreover, the binding of Pins and Gβγ to Gαi-GDP is mutually exclusive. These observations suggest that binding of Pins to Gαi in the apical cortex of neuroblasts may lead to the local release of free Gβγ. This would be a novel way for localized activation of G-protein signaling in the absence of a ligand and a receptor.
Is G protein signaling only required for asymmetric division of neuroblasts, or does it play a role in other cell types as well? To address this question, Schaefer et al. [2] looked for the localization of Gαi in the pI cell, and found that it colocalizes with Numb and Pins in the anterior cortex ( Figure 1 ). pI cells lacking Gβ13F showed loss of asymmetric Gαi localization, accompanied by uniform distribution of Numb. Overexpression of both wild-type and constitutively GTP-bound Gαi also caused loss of asymmetric Numb localization [2] . This finding clearly differs from the situation in neuroblasts, where overexpression of Gαi-GTP had no obvious effect. One clue to explain this difference may be that Fz is involved in the asymmetric division of pI: as Fz is a candidate G-protein-coupled receptor, G proteins may function in a more conventional way in the pI cell as compared to neuroblasts.
What is the main message of these novel results? It is becoming clear that apical-basal polarity and planar polarity of epithelial cells are closely linked to each other. Several of the key players involved in establishment of apical-basal polarity have a second function during establishment of planar polarity. But the interactions between these proteins and their internal hierarchy differ substantially in different cell types. One key to understanding these differences may be the identification of the spatial cues that initiate polarization of different cell types. Neuroblasts most likely inherit their apical-basal polarity from the neuroectodermal epithelium by way of the Baz-Par-6-DaPKC complex [10, 11, 19, 20] . By contrast, the pI cell may aquire planar polarity by locally restricted activation of Fz signaling. In both cases, heterotrimeric G proteins appear to act downstream of the initial polarization cues. It will be exciting to see how these intricate protein interaction networks are remodeled in response to different cues in different cell types.
